Background: The combined effect of cardiorespiratory fitness (CRF) and body mass index (BMI)
found to track from childhood and adolescence to adulthood. 2, 3 Given that there is no consensus on the establishment of cutoff points for individual CDV risk factors in youth, clustered CVD risk factors seems to provide a good measure of CVD risk. Clustering of CDV risk factors has shown a greater stability over time and might compensate for day-to-day fluctuations in single CVD risk factors. 4 Preventing programs conducted at early ages have the potential of reducing the prevalence of CVD and its economical impact on society. Research works aimed at identifying CVD's predictors have been conducted 5 ; however, little evidence exists on how these variables interact with each other in children and adolescents.
For instance, high cardiorespiratory fitness (CRF) levels in childhood and adolescence has been associated with a healthier cardiovascular profile 6 , and it is considered a strong predictor of CVD risk factors later in life. 5, 7 Moreover, the cardiovascular health at these ages and in future life is importantly affected by weight status during childhood and adolescence. 8, 9 Given that CRF affects weight status, they may lay on the same causal pathway, making it difficult to determine the extent to which each variable affects CVD risk. In this sense, while some evidence suggest an independent association of CRF and weight status with CVD risk factors, 4, 10, 11 other studies have found an attenuation in the association between CRF and CVD risk factors when weight status was included in the analyses. 12 In addition, a recent study by Nyström et al 13 concluded that the metabolic profile is negatively affected to a greater extent by obesity rather than by low CRF levels, in a sample of children aged 8 to 11 years. Interestingly, CRF proved to attenuate the deleterious effect of obesity.
Multivariate analyses (eg, multiple linear regression, logistic regression or analysis of covariance) have been used in previous studies to control for potential confounders. Alternatively, mediation analysis goes a step further since it allows determining the percentage of the total effect (ie, the influence of an independent variable on an outcome variable) that is carried by a mediator. 14 Using these procedures, only one study 15 has observed that weight status, assessed by body mass index (BMI), mediates the association between CRF and CVD risk factors in children aged 8 to 11 years.
Furthermore, to our knowledge, the extent to which BMI acts as a mediator in this association in adolescents has not been analyzed through mediation analyses.
Consequently, the aim of this study is 2-fold (a) to test the individual and combined associations of CRF and BMI with clustered
CVD risk factors and (b) to analyze if the association between CRF
and clustered CVD risk factors is mediated by BMI in children and adolescents. We hypothesized that (a) CRF and BMI are independently associated with clustered CVD risk factors, (b) those with higher BMI levels present the worst CVD profiles, with CRF levels attenuating these effects, and (c) BMI mediates the association between CRF and clustered CVD risk factors.
| METHODS

| Study design and population
Baseline data of the UP&DOWN study 16 collected from September 2011 to June 2012 was analyzed in this cross sectional study. A total convenience sample of 2225 children and adolescents aged 6 to 12.9 and 13 to 17.9 years, respectively, participated in the UP&DOWN study. According to the Spanish Institute of National Statistics, the UP&DOWN sample size represents the 50% and 5% of the total population of school children and adolescents, respectively. 
| Blood sampling
After an overnight fast, 13.5 mL of blood was extracted from the cubi- 
| Data analyses
Descriptive statistics are presented as mean AE SD. Owing to significant interactions between sex (boys and girls) and age (children and adolescents) groups in the studied associations (all P < 0.01), all computations and analyses were performed separately for sex and age groups. All biochemical variables were checked for normality, and values of triglycerides were transformed to the natural logarithm due to their skewed distribution. Sex differences were examined by oneway analysis of variance.
Linear regression models controlling for age (model 1) were used to assess the individual association of CRF and BMI with CVDRF-I.
Further adjustment by CRF or BMI (model 2), depending on the fixed factor (ie, BMI and CRF, respectively), was conducted to examine the independent association of each variable with CVDRF-I.
To perform combined analyses, participants were first categorized as "low CRF" or "high CRF" depending on whether their CRF levels were below or above their population and sex-specific 50th percentile, respectively. Then, sex-and age-specific BMI cutoff points previously proposed 23, 24 were used to categorize participants as normal weight "NW" (including thinness grades 1, 2, and 3 and NW) or overweight "OW" (including OW and obesity). Finally, a new variable with four categories was computed: 1 = "NW + low CRF", 2 = "NW + high CRF", 3 = "OW + low CRF," and 4 = "OW + high CRF". Analysis of covariance was used to examine differences in CVDRF-I between groups, adjusting for age. Bonferroni's correction was used to check these differences reducing the possibility of type I error.
Mediation analyses were conducted according to Baron and Kenny procedures. 14 To do this, the three following regression equa- All the aforementioned analyses were repeated using CVDRF-II as the dependent variable (see supplementary files).
Statistical analyses were conducted using SPSS, version 21.0., for Windows (IBM, Armonk, New York), with significance set at P < 0.05.
| RESULTS
Participant's characteristics are depicted in Table 1 . In children, boys reached higher scores in the 20-m shuttle run test than girls (P < 0.001), and girls had higher levels of triglycerides than boys (P = 0.037). In adolescents, boys were significantly heavier and taller than girls (P = 0.005 and P < 0.001, respectively) and presented higher levels of waist circumference, systolic blood pressure (both P < 0.001) and glucose (P = 0.029). Besides, boys performed better in the 20-m shuttle run test compared to girls (P < 0.001).
Associations between CRF and CVDRF-I are presented in Table 2 . CRF was significantly associated with CVDRF-I in boys (β = −0.437; P < 0.001) and girls (β = −0.305; P = 0.001) children, and in boys (β = −0.404; P < 0.001) and girls (β = −0.191; P = 0.048) adolescents when adjusting by age (model 1). However, these associations were no longer significant after including BMI in the model (model 2). The results were similar when using CVDRF-II as the dependent variable (Supporting Information Table S1 ).
Associations between BMI and CVDRF-I are shown in Table 3 .
BMI showed a positive association with CVDRF-I in boys and girls children (β = 0.688 and β = 0.709, respectively) and in boys and girls adolescents (β = 0.654 and β = 0.509, respectively) (all P < 0.001) in model 1. When CRF level was added in model 2, these associations remained significant in all sex and age groups (all P < 0.001). The same pattern was observed when CVDRF-II was used in the analyses (Table S2 ).
Combined effects of CRF and BMI on CVDRF-I are displayed in Figure 1 . In children, those participants categorized in the NW groups (ie, NW + low CRF or NW + high CRF) had significantly lower CVDRF-I levels than the OW + low CRF group in boys and girls and the OW + high CRF group in girls (all P < 0.05). In adolescents, the NW + high CRF group displayed lower CVDRF-I than their OW counterparts regardless of CRF levels (P < 0.05). Moreover, the NW + low CRF group presented lower CVDRF-I compared with the OW + low CRF group (P < 0.05). When CVDRF-II was used in the analyses instead of CVDRF-I, the pattern in girl children remained the same. However, significant differences only persisted between NW + high CRF and OW + low CRF groups in boys children and boys adolescents (P < 0.05) (Supporting Information Figure S1 ).
Results of mediation analyses are depicted in Figure 2 . Regression Equations 1, 2, and 3 were significant in boys (all P < 0.001) and girls (all P < 0.01) children, and in boys (all P < 0.001) and girls (all of the total effect of CRF on CVDRF-I that is carried by BMI was 79.5% for boys (z = −5.287, P < 0.001) and 100% for girls (z = −4.437, P < 0.001) children, and 81.2% for boys (z = −4.772, P < 0.001) and 55.7% for girls (z = −2.231, P < 0.05) adolescents.
When CVDRF-II was entered as the dependent variable (Supporting Information Figure S2) , results of the different regression equations were similar in boys and girls children and boys adolescents. In contrast, the Sobel test for girls adolescents was not significant (z = −1.655, P > 0.05).
All the aforementioned analyses were repeated adjusting for pubertal development instead of age, and using the percentage of body fat (estimated through triceps and subescapular skinfolds thickness and using the equations proposed by Slaughter et al 26 ) instead of BMI, and the results did not materially changed (data not shown).
| DISCUSSION
In the present study, we aimed to examine the individual and combined associations of CRF and BMI with clustered CVD risk factors in children and adolescents and to determine if the association between CRF and clustered CVD risk factors is mediated by BMI. Previous evidence has clearly demonstrated the importance of CRF levels on cardiovascular health in young people 27 . However, some of these studies did not account for weight status in this association. 28, 29 Contrary to what we hypothesized, our results showed that the association between CRF (assessed by 20-m shuttle run test), and CVDRF-I became non-significant when we adjusted for BMI in both sex groups. By contrast, an independent effect of CRF and adiposity on CVD risk factors has been previously reported. 4, 10 Nevertheless, other part of the evidence suggest that the association between CRF and CVD risk factors does not remain significant when adiposity is taken into account. 30 The discordances between studies could be partly due to method- (involving the independent and mediator variables), Equation 2 (involving the independent and dependent variables), Equation 3 (involving the mediator and dependent variables) and Equation (3 0 ) (the direct effect of the independent variable on the dependent variable). All analyses were adjusted by age. * P < 0.05; ** P < 0.01; *** P < 0.001 against laboratory tests, the 20-m shuttle run test has shown to be valid and reliable. 21, 22 In addition, worldwide reference values for this ; nonetheless, it is important to highlight that none of these studies used exactly the same cluster to define CVD risk. The rationale of using the risk factors included in the present study lies in the need of a consensus in the definition of cardiovascular risk in children and adolescents to make the results between studies comparable. For that reason, we used the variables proposed by the International Diabetes Federation to define cardiometabolic risk in children and adolescents. 19 Weight status in youth is an essential determinant of cardiovascular health at this stage of life, 8, 32 and it predicts CVD risk factors levels in adulthood. 33, 34 BMI 8, 33, 34 , and percentage of body fat 32 is the most frequent body composition measure in these studies. We found that BMI and percentage of body fat were positively associated with CVDRF-I, and these associations remained significant after the inclusion of CRF in the model. In a similar way, Demmer et al 35 observed significant associations between adiposity (defined by waist circumference) and several cardiometabolic risk factors such as systolic blood pressure, triglycerides, low-density lipoprotein cholesterol, and C-reactive protein in adolescents, with no significant effects found for CRF on the aforementioned outcomes. This evidence reinforces the crucial role of weight status reported in the present study. Moreover, the association between BMI and CVD risk in our study was not affected by the exclusion of waist circumference from the index (CVDRF-II). In agreement, combined analyses in our study showed that having an optimal weight status exerts a greater CVD risk protection than having high levels of CRF. Our results do not support the socalled "Fat but Fit paradox" in relation with CVD risk. In this sense, it has been previously suggested that CRF has the potential to counteract the deleterious effect that weight status exerts on the CVD profile; however, most of these evidence comes from studies conducted in adult population, and the information about the Fat but Fit paradox in children and adolescents is still sparse. 36 Nonetheless, and despite differences in the methodology, regarding the cardiovascular risk factors and the statistical procedures used, our results coincide with those reported recently by Nyström et al, 13 who found that weight status has a larger negative effect on the metabolic profile than low CRF. It is important to highlight that Nyström et al 13 Previous mediation analyses performed in children aged 8 to 11 years showed that the association between CRF and CVD risk factors was mediated by BMI in both sexes. 15 Our results are in accor- , and it is considered a predictor of adiposity in later years. 5, 7, 38 The physiological mechanisms by which CRF affects adiposity may include the effect that aerobic exercise exerts on the expression and activity of carnitine palmitoyl transferase I (an enzyme that controls the fatty acids movement into the mitochondria), as well as the increase in β-Hydroxy acyl-CoA dehydrogenase protein expression (a key enzyme that regulates fat oxidation). 39 On the other hand, adipose tissue produces several adipokines involved in inflammation. 40 Obesity-induced inflammation is well known for being responsible of several cardiometabolic disorders, including insulin resistance;
however, it is also responsible of fibrosis and necrosis which may produce important damages in tissues of several organs including the heart. 40 Together with our results, this evidence indicates that increments in CRF through aerobic exercise programs will ameliorate the level of adiposity and, ultimately the CVD risk profile. Because clustered CVD risk factors track into adulthood and given that the duration of obesity over the years is also a determinant of CVD risk, 41 public health policies should start at early ages. Therefore, schoolbased interventions aimed at improving physical activity participation are warranted among youths who fail to meet health-related CRF levels and, specially, optimal weigh status levels. Further studies testing the mediator role of weight status in the prospective association between physical fitness components and CVD risk factors would be of great interest.
| Limitations and strengths
The present study has some limitations. Owing to the cross-sectional design, directionality of associations could not be correctly determined. The use of BMI as an index of adiposity has been extensively questioned due to its lack of discriminative capacity between fat mass and lean body mass. Nevertheless, BMI is considered a powerful tool to identify youth with high individual and clustered CVD risk factor levels. 42 In fact, BMI could not be a good marker of adiposity but it has proved to be a strong predictor of CVD mortality. 43 In addition, analyses were performed using body fat percentage, instead of BMI, and the results persisted unchanged. Furthermore, median split is not the best method for CRF categorizations. It has been previously stated that defining unfit and fit groups as being below or above the 20th percentile, respectively, is a more accurate way for CRF categorizations in adults. 41 The rationale behind this is that the risk of CVD is markedly higher in the first quintile (<20th percentile) compared with the other quintiles. 41 This approach has also been used in pediatrics 13 using previously created sex and age specific percentiles 31 . However, in the current study this categorization method resulted in highly unbalanced groups. No data regarding family history of CVD are available in the UP&DOWN study. This variable could affect, to some extent, the associations observed in the current study since it has an impact on the risk of CVD mortality. However, it has been previously observed that family history of CVD, among other variables (ie, hypertension, current smoking, diabetes, obesity, and "being unfit"), is the least associated with the risk of CVD mortality, with 'being unfit' and obesity occupying the first and second places in that ranking, respectively. 44 Finally, the generalizability of these results should be considered cautiously because we could not determine the influence of ethnicity and country's economic development on these associations, given that only urban, Caucasian Spanish children and adolescent participated. Otherwise, this study presents some strengths. The use of clustered CVD risk factors has been suggested as a better indicator of cardiovascular health, compared with individual CVD risk factors. 2 Furthermore, the statistical analyses conducted allow determining the percentage of the total effect that is carried by the mediator variable. 
| Conclusion
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